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The study involved 24 students who played a reaction 
time game.  A target appears on their computer 
screen and they click a computer key as quickly as 
possible. 

Each game consisted of 10 targets. The program 
would report the mean of these ten targets.

A STUDY WAS DESIGNED TO INVESTIGATE THE EFFECT OF TARGET 
COLOUR AND PRECEEDING EXERCISE ON  REACTION TIME
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This game was played ten times and the mean of 
these ten games (MEAN10) was the outcome variable 
used in this study. 
This game was played four times. The ten targets 
were all red or all green. Before each game the 
student either carried out ten minutes of exercise or 
did not do. Therefore we have 2 by 2 factorial layout 
of treatments.

COLOUR      GREEN      GREEN RED      RED
EXERCISE     NO            YES          NO        YES  
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PROC GLM DATA = REACTION ; 
CLASS GROUP ; 
MODEL MEAN10 = GROUP / SS3 ; 
LSMEANS GROUP/ ADJUST=T TDIFF PDIFF CL ; 
RUN ;

SUBJECTS ALLOCATED IN A COMPLETELY RANDOMIZED 
DESIGN AND A ONE WAY LAYOUT OF TREATMENTS (PRETEND)
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My Note: Diff = 0.335 – 0.301 = 0.0342
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My Note: p = 0.0598

To ensure overall 
protection level, only 
probabilities 
associated with pre-
planned comparisons 
should be used !
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SUBJECTS ALLOCATED IN A COMPLETELY RANDOMIZED DESIGN
AND A 2 BY 2 FACTORIAL LAYOUT OF TREATMENTS       

PROC GLM DATA=REACTION ;
CLASS COLOUR EXERCISE ; 
MODEL MEAN10 = COLOUR EXERCISE COLOUR*EXERCISE 
/SS3; 
LSMEANS COLOUR         /ADJUST=T TDIFF PDIFF CL;  
LSMEANS EXERCISE       /ADJUST=T TDIFF PDIFF CL;  
LSMEANS COLOUR*EXERCISE/ADJUST=T TDIFF PDIFF CL; 
RUN ;
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SUBJECTS ALLOCATED IN A COMPLETELY RANDOMIZED DESIGN
AND A 2 BY 2 FACTORIAL LAYOUT OF TREATMENTS       
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SUBJECTS ALLOCATED USING A RANDOMIZED BLOCK 
DESIGN AND A ONE WAY LAYOUT OF TREATMENTS

PROC GLM DATA=REACTION  ; 
CLASS GROUP ID ;
MODEL MEAN10 = GROUP ID / SS3 ; 
LSMEANS GROUP/ADJUST=T     TDIFF PDIFF CL;  
LSMEANS GROUP/ADJUST=TUKEY TDIFF PDIFF CL;  
RUN ; 
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SUBJECTS ALLOCATED USING A RANDOMIZED BLOCK 
DESIGN AND A ONE WAY LAYOUT OF TREATMENTS
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SUBJECTS ALLOCATED USING A RANDOMIZED BLOCK 
DESIGN AND A ONE WAY LAYOUT OF TREATMENTS

P-value
0.1724
0.0011
0.4647
<.0001
0.5220
<.0001
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P-value
0.5168
0.0058
0.8826
<.0001
0.9175
0.0005

SUBJECTS ALLOCATED USING A RANDOMIZED BLOCK 
DESIGN AND A ONE WAY LAYOUT OF TREATMENTS

With Tukey adjustment p-values increase in 
order to allow for multiple comparisons
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SUBJECTS ALLOCATED WITH A RANDOMIZED BLOCK DESIGN 
AND A 2 BY 2 FACTORIAL LAYOUT OF TREATMENTS  

AT LAST THIS IS WHAT HAPPENED !!

PROC GLM DATA=REACTION  ;
CLASS COLOUR EXERCISE ID ; 
MODEL MEAN10 = COLOUR EXERCISE COLOUR*EXERCISE ID /SS3; 
LSMEANS COLOUR         /ADJUST=T TDIFF PDIFF CL;  
LSMEANS EXERCISE       /ADJUST=T TDIFF PDIFF CL;  
LSMEANS COLOUR*EXERCISE/ADJUST=T TDIFF PDIFF CL; 
RUN ;
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SUBJECTS ALLOCATED WITH A RANDOMIZED BLOCK DESIGN 
AND A 2 BY 2 FACTORIAL LAYOUT OF TREATMENTS  

18



SUBJECTS ALLOCATED WITH A RANDOMIZED BLOCK DESIGN 
AND A 2 BY 2 FACTORIAL LAYOUT OF TREATMENTS  
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*Tukey adjusted p = 0.0005

SUBJECTS ALLOCATED WITH A RANDOMIZED BLOCK DESIGN AND A 2 BY 
2 FACTORIAL LAYOUT OF TREATMENTS  
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Suppose in a study that compared two drugs A and B, that drug A 
had better results. 

BUT    1.    A greater proportion of males than drug B
2.    A younger mean age than drug B.
3.    Smaller mean weight than drug B.

So, who cares?  You should care if one or more of these  
variables are predictive of the outcome. A variable that is a 
predictor of the outcome and unevenly represented in the 
two groups is called a CONFOUNDER and if not included in 
the statistical analysis will lead to biased results.
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PROC GLM DATA = DRUGS ; 

CLASS DRUG SEX ;   

MODEL FVC  =  DRUG SEX AGE HEIGHT WEIGHT ;  

LSMEANS DRUG ; 

LSMEANS SEX ; 

RUN ;

Researchers can include variables such as sex, age, 
height, and weight in the analysis

ADVANTAGE  OF THE GLM  PROCEDURE OVER THE TTEST PROCEDURE 
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Suppose the p value associated with comparing the two means 
was  0.001.  The critics ask “ Were the groups comparable? ”
What do they mean when they ask  this question? I  compared  
them didn’t  I?   Isn’t the p Value less than 0.05?  Yes but with 
that observed difference I can rule out chance as the 
explanation for the difference. 
I might be wrong but the smaller the p-value the stronger I feel 
about my conclusion.  Even if there was a balance of these 
other predictors they would be included in the analysis because 
they would explain away some of the residual variation and 
make the p value associated with the drug effect smaller.  

EVEN THEN I MAY HAVE BEEN FOOLED BY RANDOMNESS .
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STEP 1:  Determine the p value for exposure variable DRUG.

STEP 2:  Determine whether variables such as age and height 
are predictors of the outcome variable FVC.  If so 
then  including them in the data analysis will reduce  
the sampling variation and lower the p-value. 

STEP 3:  If in addition such predictor variables are unevenly
represented in the two drug groups they are called 
confounders and the drug effect may be biased and 
correctly including them in the analysis may increase 
or decrease the estimated drug effect. 
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Next up in Part 3 Lecture 1: Confounding
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